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Marfan syndrome (MFS) is caused by mutation of the FBN1 gene encoding the
extracellular matrix (ECM) protein fibrillin-1 that forms elastic microfibrils.
This study aims to characterize the micromechanics of aortic and lung tissues
from wild type (WT) and FBN1-deficient mutant (MT) mice to identify bio-
physical determinants of cardiopulmonary disease in MFS. For testing by
atomic force microscopy (AFM), full-thickness sections of ascending aorta
were dissected from young (0.5-mo) and adult (2-mo) WT and MT mice,
mounted flat with the lumen facing up, and indented with a 15-mm spherical
probe at 3-5 sites per sample from 1-4 animals per condition. Indentation
force-depth curves were analyzed using a hybrid theoretical and finite element
analysis to determine the elastic modulus of intima (Eint) and media (Emed)
layers. The Kolmogorov-Smirnov test was performed for pairwise statistical
analysis; p<0.008 was considered significant based on the Bonferroni correc-
tion. Emed at 0.5-mo showed no difference between WT (10.152.7kPa, n¼8;
mean5SEM for n-curves) and MT (7.550.6kPa, n¼80). Emed increased
with age (p<0.0006), but was significantly softer in MT (21.351.4kPa,
n¼112) vs WT (37.452.2kPa, n¼65, p<0.0001). Eint also increased with
age (p<0.003) from ~2kPa to ~5-10kPa, but showed no significant difference
between WT and MT at matched ages. Similar nano-indentation studies, using
a pyramidal probe on lung parenchyma isolated from 2-mo WT and MT mice,
showed Elung for MT (1.750.1 kPa, n¼92) was significantly softer than WT
(4.850.3kPa, n¼91, p<0.0001). In conclusion, AFM revealed age-
dependent softening of micro-elastic modulus in elastin-rich tissues including
lung parenchyma and aortic media, but not in the aortic intima. In contrast to
macro-scale measurements of aortic stiffening in MFS, these micro-scale
AFM findings appear consistent with histological observations of local disrup-
tion of ECM microstructure in MFS.
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Asthma is an inflammatory disease of the airways characterized by airway hy-
perresponsiveness, an exaggerated bronchoconstrictive response of airway
smooth muscle (ASM) to stimuli. However, whether asthmatic ASM is me-
chanically different from non-asthmatic ASM is still unclear. Most studies so
far have been performed on the trachealis muscle but it might not be represen-
tative of smooth muscle in the more peripheral airways. Thus, we addressed
this question in an equine model of asthma (horse with heaves) and compared
the trachealis (TSM) and peripheral bronchial (BSM) airway smooth muscle
mechanics.
Muscle strips from de-epithelialized TSM and BSM (less than 10 mm in diam-
eter) were mounted horizontally in an experimental chamber between a length
controller and a force transducer (Aurora Scientific Inc.). Maximal velocity of
shortening (Vmax), methacholine dose response and stress were measured.
We found no difference in Vmax between TSM from control horses and horses
with heaves (0.12450.01vs. 0.11950.01; control vs. heaves; P¼0.8), whereas
the BSM exhibited a significantly higher Vmax (0.11450.01 vs. 0.23950.02;
P¼0.03). Western blot analysis showed a significant increase of the (þ)insert
fast smooth muscle myosin heavy chain (SMMHC) isoform in BSM of
heaves-affected horses (0.7850.04 vs. 1.050.05, P¼0.0092), while no such
difference was found in TSM (0.9150.05 vs.0.9750.08;P¼0.54). The expres-
sion of calponin was significantly increased in TSM of heaves-affected horses
(0.9250.15 vs. 2.550.57, P¼0.037; but this was not observed in BSM
(0.3750.14 vs. 0.4950.18; P¼0.62). There were no differences detected in
the expression of MLCK, total SMMHC and transgelin. Peripheral airways
may have a greater exposure to inflammatory cells than the trachealis which
may explain their differences in mechanics. Further studies await to determine
the mechanism underlying in observed effect.
Supported by: CIHR(MOP102718), NIH(RO1HL103405), RFBR(12-04-0076)
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Rationale: The latch-state describes the ability of tonic smooth muscle to main-
tain force at reduced ATP consumption and crossbridge cycling rate. In animal
models this is evidenced by reduced unloaded shortening velocity (Vmax), pre-
sumably indicative of crossbridge cycling rate, and reduced myosin light chainphosphorylation (pMLC). In this study we aim to assess this phenomenon in
human airway smooth muscle (hASM).
Methods: hASM tissues were dissected from trachea procured from the Inter-
national Institute for the Advancement of Medicine. Force-velocity curves
and pMLC measurements were performed at several time points in multiple
prolonged methacholine 10-6M contractions. Rat ASM strips were tested
with the same protocol. A mathematical model was developed to explain the
findings.
Results: Despite a 40% drop in pMLC between the 1st to the 20th min after the
peak contraction, hASM Vmax did not show any change. Conversely, rat ASM
Vmax decreased by 50%. A mathematical model of the cross-bridge cycle,
combining strain-dependent ADP affinity of myosin with actin regulated bind-
ing of dephosphorylated myosin heads, was capable of reproducing our
findings.
Conclusion: As our results contradict the classical latch-bridge theory, we
suggest an alternative model. We propose that Vmax, as calculated from
standard force-velocity curves, is not indicative of the crossbridge cycling
rate during latch. Instead, Vmax is reduced due to drag caused by dephos-
phorylated myosin heads binding to actin, with their binding force regulated
by actin regulatory proteins and their activation state. The increase in de-
phosphorylated myosin late in contraction decreases the measured Vmax,
unless its binding force is down-regulated by regulatory proteins. Our
modelling further shows that force maintenance can be explained by phos-
phorylated myosin heads remaining attached to actin in a locked configura-
tion, unable to release ADP because of strain dependence of the ADP affinity
of myosin.
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We have measured kinetic parameters of smooth muscle myosin (SMM) fila-
ment interactions with actin, ADP, and ATP using stopped-flow fluorimetry.
Our objective was to determine which parameters, if any, are different from
those of monomeric myosins, S1 and HMM, using buffers at physiologic
ionic strength. Previously we measured the ATP-dependence of SMM fila-
ment velocities (using EDC-cross-linked filaments that are stable to ATP-
induced depolymerization) in an inverted in vitro motility assay with myosin
filaments moving over surface-attached actin. We compared this to the
ATP-dependence of solution actin-activated ATPase measurements. The
two relationships are very similar, suggesting that they are both attachment-
limited and regulated by the same kinetic step, presumably phosphate release
(Haldeman et al JBC 2014). This is in contrast to the kinetics of actin moving
over a surface of monomeric SMM (standard vitro motility assay), known to
be predominately detachment-limited, limited by ADP release. We hypothe-
sized that heads within moving filaments are attached to unhindered and
thus flexible S2 regions putting minimal strain on heads put in the drag posi-
tion. In contrast, the S2 region of monomeric myosin is bound to the surface
and not as flexible allowing the relative stiff head domains to become strained,
which affects the underlying kinetics of acto-SMM interactions. All kinetic
parameters measured so far in solution for myosin or acto-myosin, ADP asso-
ciation, ADP dissociation, ATP binding, ATP-induced dissociation, and acto-
myosin affinity, are very similar to those for S1 and HMM. Measurements of
Pi release kinetics by limited turnover are planned. If Pi release kinetics is
also similar, this will suggest that the attachment-limited kinetics that is
unique to filaments is not due to alterations in any fundamental kinetic param-
eters, but instead is due to differences in the effective head or head/S2 stiff-
ness during the assays.
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Previously we have shown that the ATP-dependence of EDC-stabilized fluo-
rescent smooth muscle myosin (SMM) filament motility is very similar to so-
lution ATPase values (KATP ¼ 8.5 and 9.2 mM, respectively). This suggests
both processes are influenced by the same kinetic step, acto-myosin attach-
ment not detachment, presumably linked to Pi release. This mechanism pre-
dicts that velocities will be linearly related to the number of working heads.
Therefore, we prepared SMM- rod co-filaments that contain fewer molecules
per filament length as well as longer SMM filaments that contain more
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heads and velocity. SMM:rod co-filaments (at 50:50, 25:75, and 15:25 ratios)
were approximately the same length as normal SMM filaments (~0.6 mm), and
the number of molecules incorporated was directly related to the ratio of
SMM to rods. As the number of heads decreased, the maximal velocity at
saturating ATP also decreased, and the KATP was lower for all of the co-
filaments compared to the normal filaments. These findings provide evidence
that the velocity of SMM filaments is influenced by attachment limited ki-
netics. The longer SMM filaments (average length of 2.3 5 0.81 mm) will
allow us to visualize the geometry of acto-myosin interactions during motion.
Also, the relationship between velocity and filament length will be determined
at various [ATP]. The long filaments also better demonstrate our previously
described ‘‘parking’’ behavior where filaments move to the end of actin fila-
ments but remain attached for long periods even at saturating [ATP] (Halde-
man et al, JBC, 2014). Interestingly, most of the SMM filament hangs off the
end of the actin suggesting the parking is mediated by a small fraction of the
heads.
1485-Pos Board B436
The Structure of the Actin-Smooth Muscle MYOSIN II Complex in the
Rigor State
Zhong Huang.
Instistute of Molecular Biophysics, Tallahassee, FL, USA.
The actin-based motility of myosin utilizes catalysis of ATP to drive rela-
tive sliding of actin and myosin. Attachment to F-actin triggers conforma-
tional changes in the myosin head that accelerates release of catalytic
products coupled to changes in actin affinity and motion of a structural
domain called the lever arm. The earliest detailed model based on cryoEM
and X-ray crystallography postulated that higher F-actin affinity and lever
arm movement were coupled to closure of a feature of the myosin head
dubbed the actin-binding cleft. Several studies since then using crystallog-
raphy of myosin-V and cryoEM of myosin-I and -II have provided details
of this model. Compared with non-muscle myosins, there are compara-
tively few catalytic intermediates available for myosin II. Details of the
myosin II interaction with actin may differ from those for non-muscle my-
osins due in part to different lengths of important surface loops. Here we
report on a 0.8 nm reconstruction of actin decorated with the smooth mus-
cle myosin-II motor domain (MD) in the rigor state obtained by cryoEM
and Iterative Helical Real Space Reconstruction. Quasiatomic models for
both F-actin and the MD were obtained independently three times using
molecular dynamics flexible fitting. SD3 and SD4 of F-actin are nearly
identical while SD1 and SD2 show the most difference. The MD density
is less well defined compared to the actin filament due to incomplete satu-
ration. A significant density that could be assigned to loop1 is present.
Loop2 and the myopathy loop show significant contacts with actin but
these contacts appear variable between the three independent fittings.
The comparison between nucleotide free acto-MD structure and the
prepower-stroke crystal structure of the smooth muscle myosin MD sug-
gests significant conformational changes occurred that may relate to the
weak to strong transition.Actin Structure, Dynamics, and Associated
Proteins
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Actin cytoskeleton plays a pivotal role in myoblast motility, adhesion, fusion
and differentiation into myotubes. However, how the actin cytoskeleton is
regulated during myogenesis is largely unknown. H2-calponin is a regulato-
ry protein that stabilizes the actin cytoskeleton and regulates cell motility
and adhesion. In the present study, we investigated the role of h2 calponin
in the regulation of myoblast migration, differentiation and fusion. The re-
sults showed that h2-calponin is expressed at significant levels in undifferen-
tiated mouse primary satellite cells and C2C12 myoblasts. In migrating
satellite cells and C2C12 myoblasts, h2-calponin co-localizes with actin
stress fibers at both the leading edge and the tail regions. In newly fused my-
otubes derived from primary satellite cells, h2-calponin is mainly present at
the ends of the myotubes. The level of h2-calponin significantly decreases
during satellite cell and myoblast differentiation and fusion, and becomes
undetectable in mature myocytes. Primary satellite cells isolated fromh2-calponin gene knockout mice had significantly decreased cell spreading
area indicating reduced substrate adhesion and increased rate of cell prolif-
eration as compared with wild type controls. Biochemical and histological
studies revealed that skeletal muscles of h2-calponin knockout mice retain
normal muscle weight and myofilament protein compositions. Myotubes
derived from h2-calponin-null satellite cells showed apparently normal
sarcomere striations and expression of myofilament proteins. Therefore,
deletion of h2-calponin does not abolish the maximum capacity of myoblast
function and myogenesis. However, in vitro differentiation studies revealed
that h2-calponin-hull myoblasts had higher efficiency of fusion, as indicated
by increased fusion index, than wild type controls. The data suggest that
the function of h2-calponin provides a novel mechanism in regulating
actin cytoskeleton activity during myoblast differentiation, fusion and
myogenesis.
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The actin scaffold protein palladin regulates both normal cell migration and
invasive cell motility, processes that require the coordinated regulation of
actin dynamics. Palladin localizes to actin-rich protrusions and has a
well-documented effect on metastasis of invasive cancers. However, its po-
tential effects on actin dynamics have remained elusive. Here, we show that
the C-terminal immunoglobulin-like domain of palladin (Ig3) that is
directly responsible for actin binding and bundling also potently nucleates
the formation of actin filaments in vitro. Palladin eliminated the lag phase
that is characteristic of the slow nucleation process of actin polymerization
under both G- and F-actin buffer conditions. Furthermore palladin did not
alter the critical concentration, and only had a modest effect on the rate
of elongation of actin filaments. Therefore the increase in polymerization
rate brought about by palladin can be attributed to a direct role for palladin
in stabilizing the formation of actin nuclei. We also present evidence that
nucleation is likely achieved by a mechanism involving actin-induced
dimerization. In addition, we monitored actin polymerization in real-time
using TIRF microscopy and found that palladin bundles the actin filaments
while promoting polymerization. Finally, we examined whether the Ig3
domain of palladin is required for actin organization in a cellular context.
In cells transfected with a full-length palladin construct containing either
a deletion of the actin-binding domain or point mutations that disrupt
actin-binding we observe dramatically altered cellular distributions of
both palladin and actin, which suggests that this direct interaction with
actin is critical for regulating cytoskeletal organization and dynamics.
These observations define a new function for palladin and support an
emerging view of actin-binding proteins that exhibit a dual cellular-
nuclear localization and also participate in the regulation of the actin cyto-
skeleton architecture.
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Numerous properties of actin filaments are modulated by the nucleotide state
of the comprising actin monomers. This is evident in the typical life cycle of a
bare actin filament (F-actin) during which ATP bound globular actin (G-actin)
binds to the filament, ATP hydrolyzes in the filament and finally ADP bound
G-actin dissociates from the filament. This is achieved by a 4.3x104 fold in-
crease in the rate constant of ATP hydrolysis in F-actin as compared to G-
actin. We investigate the cause of this dramatic rate increase using novel
QM/MM simulations of ATP hydrolysis in both G-actin and F-actin forms.
The F-actin system is modeled as a monomer with restraints on the coarse-
grained variables to maintain its F-actin configuration. The free energy of
ATP hydrolysis is computed along two reaction coordinates in each system
with the aid of metadynamics. The simulations reveal a barrier height reduc-
tion for ATP hydrolysis in F-actin as compared to G-actin of 851 kcal/mol,
in good agreement with the experimentally measured barrier height reduction
of 751 kcal/mol. The barrier height reduction is influenced by an enhanced
rotational diffusion of water in F-actin as compared to G-actin and shorter wa-
ter wires between Asp154 and the nucleophilic water in F-actin, leading to
more rapid proton transport.
